INTRODUCTION
Nanomaterial that can mimic the critical aspects of natural biological processes will be much suitable for the tissue engineering. In recent years, organic-inorganic hybrid nanomaterials have been center of research due to its remarkable applications in biomedical field [1, 2] .
In this regard, hydroxyapatite (HA) {Ca 10 (PO 4 ) 6 (OH) 2 } is a biological active calcium phosphate ceramic which is used to mimic bone in orthopedic surgery [3, 4] . The excellent biocompatibility, bioactivity and osteoconductivity make it a natural choice for bone applications. However, nanocomposite materials of HA needs to be developed for bone tissue applications. In search of environment friendly materials from natural source which can be efficiently combined with the HA, we have selected chitosan (CS) and gelatin (GL) as a potential candidate due to its excellent properties such as biocompatibility, non-immunogenicity, non-cytotoxicity, mucus adhesion, and low cost [5, 6] . CS/GL when combined with the HA is expected to bring much needed flexibility to the composite materials. Moreover, CS/GL is a natural polysaccharide which is biodegradable under in vivo conditions (due to lysozyme) [7, 8] . With the single aim of controlling the proliferation, differentiation and bone-forming activities, we have designed microsphere which has large surface area for the cell growth. It has been reported that proliferation of osteoblast cells and osteogenic differentiation is utmost important for the bone tissue regeneration and the materials which promotes such activities are osteogenic agents [9, 10] .
To best of our knowledge, we are the first group to report the in vitro osteoblast cell response in chitosan/gelatin-hydroxyapatite (CGHaP) microspheres.
In this study, chitosan microspheres as well as chitosan-hydroxyapatite microspheres was prepared and biological response of MC3T3-E1 cell was studied. Specifically, cell proliferation, cell spreading, bone forming ability, calcium content, as well as extracellular matrix mineralization was evaluated.
EXPERIMENTAL Materials
Chitosan (CS) with degree of deacetylation (> 90 %) was obtained as a kind gift from Shanghai Bio Life Science and Technology Ltd. Gelatin and hydroxyapatite was purchased from SigmaAldrich, China. All chemicals were used without further purification.
Preparation of chitosan/gelatin-hydroxyapatite (CGHaP) microsphere
The CGHaP microsphere was preparing by water-in-oil emulsion method. In brief, 2:1 weight ratio of chitosan/gelatin was dissolved in 50 ml of acetic acid (0.1 N) solution. A fixed concentration of HaP was added to this solution and sonicated for 10 min to form a homogenous dispersion of polymer and inorganic molecules. Similarly, microspheres with HaP were also prepared as a control to compare. The amine groups present in the chitosan and gelatin were crosslinked by the addition of 2.5 % glutaraldehyde. The resulting microspheres were washed 5 -6 times with acetone and rinsed with double distilled water. In addition, residual glutaraldehyde was neutralized by keeping the microsphere in 2 % sodium bisulfide for 24 h and then followed by repeated washing with water. The microspheres were then lyophilized using an automated freeze dryer.
Morphological characterization
The morphology and proliferation of MC3T3-E1 cells in CH and CGHaP microspheres were evaluated by an optical microscope (Olympus, Germany). Earlier, MC3T3-E1 cells were incubated with respective microspheres for 4 days and after the designated time point, microspheres were washed, and fixed with 4 % glutaraldehyde. After fixing, samples were rinsed with DI water and dehydrated with sequential incubations of 20, 40, 60, 80, 90 and 100 % ethanol in DI water for 15 min at each concentration and observed under light microscope. Samples were sterilized with 70 % ethanol and washed thoroughly with PBS prior to cell seeding.
Cell proliferation
The cell proliferation was studied using AlamarBlue colorimetric assay. Briefly, cells were seeded in a 6-well plate along with CH and CGHaP microspheres and incubated for 1, 4, and 7 days, respectively. After incubation, well plates were washed twice with PBS and incubated in 10 % (v/v) AlamarBlue in DMEM with 10 % FBS for 2 h at 37 o C. The solution was transferred to a 96-well plate and fluorescence was read in 560 nm using a spectrophotometer (SpectraMax, USA).
Mineralization assay
Cells after 7 days incubation were washed and soaked in 1 M acetic acid overnight. The solution was then collected and absorbance was measured at 610 as per the manufacturer's protocol of calcium assay kit (Jiancheng Bioengineering Institute, China).
Cell proliferation by DAPI staining
Same procedure was employed as mentioned under colorimetric assay method. In addition, cells were stained with 4,6-diamidino-2-phenylindole (DAPI, 0.5 μg/mL) for 15 min. After DAPI staining, cells were fixed and observed under confocal microscopy (Nikon, Japan).
Cell spreading analysis
The spreading of MC3T3-E1 was studied by observing the cytoskeleton of cells. After 3 days of incubation, samples were washed to remove the unattached cells and cells on the microspheres were fixed with 4 % PFA and permeabilized with 0.1 % Triton X-100 in PBS for 10 min. The cells were then stained with rhodamine-phalloidin for 45 min and visualized under confocal laser scanning microscope (Nikon, Japan).
Alkaline phosphatase assay
Same procedure was employed as mentioned under colorimetric assay method. After 7 days of incubation, ALP activity was evaluated by determining the amount of p-nitrophenol using an ALP microplate test kit. The amount of ALP in the each case was measured at 405 nm using an automated microplate reader.
Alizarin-red staining assay
Cells after 7 days incubation were washed twice with PBS and fixed with 4 % paraformaldehyde (PFA) for 20 min before being stained with 1 % Alizarin-red solution for 1 h. The samples were washed with distilled water and dried. For the quantitative analysis, orange dye was dissolved in 10 % cetylpyridinium chloride (Sigma-Aldrich, China) in 10 mm sodium phosphate solution and the absorbance was measured at 620 nm using an automated microplate reader.
Statistical analysis
All the data are expressed as mean ± standard deviation (SD, n = 3), and were analyzed by oneway variance analysis (ANOVA) with SPSS 11.0 software. P < 0.05 was considered statistically significant
RESULTS

Cell spread
The cell spreading was clearly visible in both the microspheres; however what is more interesting is the fact that MC3T3-E1 cells spread preferably better in the CGHaP microspheres with numerous pseudopods anchored to the microsphere surface and present as characteristic cuboidal morphology (Figure 1 ).
Cell spread was further confirmed by observing the cytoskeleton of cells after staining with rhodamine-phalloidin. CGHaP microspheres showed a confluent and multilayer morphology of cells (data not shown). Moreover, cells were clustered with more actin filaments and welllinked with neighbouring cells or adjacent cells. In contrast, cells in the CH microsphere presented fewer actin filaments and cells were present as monolayer. The cell spreading from rhodamine staining was consistent with the SEM based morphology analysis.
Cell proliferation
The cell proliferation capacity of MC3T3-E1 cells in CH and CGHaP microspheres were evaluated by AlamarBlue colorimetric assay. As seen (Figure 2 ), HaP containing microspheres significantly (p < 0.05) promoted the cell proliferation when compared with the microspheres which do not have HaP. This indicates that the incorporation of HaP into composite microspheres greatly encourages attached cells to proliferate, especially at day 7, suggesting a high affinity of pre-osteoblasts (MC3T3-E1) for HaP. The cell proliferation was further confirmed by DAPI staining (Figure 3) . The results clearly showed that cells grown on HaP microspheres exhibited remarkable blue fluorescence corresponding to the high cell proliferation.
Extracellular matrix mineralization
The calcium content from each group was quantified to evaluate the calcium deposition. The CGHaP microspheres presented the significantly (p < 0.02) higher calcium deposition (0.5 ng) than CH microspheres (0.28 ng). The remarkably calcium secretion was attributed to the presence of HaP in the medium and its nanoscale features.
ALP staining
Similarly, CGHaP microspheres showed stronger induction of ALP than compared to that of CH microspheres.
Consistently, CGHaP microspheres showed a high ALP activity (8 unit; 2-fold) while CH showed lesser ALP activity (3 unit) after 7 days incubation.
Alizarin-red staining
Consistent with the ALP staining analysis, CGHaP microspheres showed a stronger and clearer Alizarin-red staining after 7 days of incubation (Figure 5b) . Approximately, 4-fold higher intensity (p < 0.02) was observed than compared to that of CH microspheres. It has been reported that Alizarin-red staining is an important technique to evaluate the calcium nodules which corresponds to extracellular mineralization. Based on the result, it is clear that presence of HaP promoted the formation of calcium nodule formation and could promote the eventual cell differentiation
DISCUSSION
In this paper, chitosan/gelatin-hydroxyapatite microsphere was fabricated as a novel nanomaterial to improve the clinical performance in case of bone regeneration. HaP containing microspheres would allow the cell proliferation in the in vivo conditions. This microsphere has unique advantage of loading with proteins or growth factor or suitable drugs. HaP is expected to increase the in vitro calcification and cell proliferation. The mean size of CH microsphere was ~15 µm; however, addition of HaP along with gelatin increased the average size to ~35 µm. This is mainly ascribed to an increase in the viscosity of the HA-containing gelatin/chitosan solution. The resulting increase in the mean diameters by HA incorporation was also reported in other research that dealt with the fabrication of HA-embedded polymeric microspheres.
The high spread of cells in HaP containing microsphere was attributed to the bone-loving property of MC3T3-E1 cells wherein they exhibited a flattened shape. In contrast, fewer cells were observed in CH microspheres due to the absence of bone elements (HaP). Generally, cell attached and followed by spreading is the first and foremost step in the interaction of cells with the complimentary materials and its growth could be affected by the nature of materials [11] .
The cell proliferation capacity of MC3T3-E1 cells in CH and CGHaP microspheres were evaluated by AlamarBlue colorimetric assay. Two kinds of observations could be made from this proliferation assay. First, limited cell proliferation in case of control was attributed to the lack of surface for spreading. Second, high proliferation in case of microspheres (especially HaP one) was attributed to the high surface area and suitable environment. Nearly, 2-fold higher cell proliferation was observed in this case. Enhanced cytocompatibility was evident for the HaP-containing microspheres, as cells showed a faster growth rate than on bare chitosan microspheres [12, 13] The CGHaP microspheres showed high mineralization capacity which would be a great boon for the bone tissue engineering. Consistently, CGHaP microspheres showed a high ALP activity (2-fold) while CH showed lesser ALP activity after 7 days incubation. Studies have shown that HaP can stimulate the cell proliferation of human and animal osteoblasts. Thus, the active effect on the cell proliferation of the composite was mainly attributed to the biological benefits of HaP.
CONCLUSION
Chitosan/gelatin-hydroxyapatite (CGHaP) microspheres have been successfully formulated. The presence of hydroxyapatite in the microspheres remarkably promotes MC3T3-E1 cell proliferation and spread on the surface of the microspheres which paves way for facilitated bone ingrowth formation and possibility of good osteointegration. The ability of CGHaP microspheres to promote cell attachment and extracellular matrix mineralization will further facilitate bone tissue engineering. Overall, the results indicate that the presence of HaP in composite microspheres increases surface roughness and protein affinity, thereby enhancing biological response. The outcome of present study would have a great impact on the development of novel nanomaterials for bone tissue engineering with potential clinical applications.
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